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(54) Tire with tread of cap-base construction 

(57) The invention relates to a tire (1) with a rubber 
tread of a cap/base construction wherein the tread base 
(3) is composed of carbon black and silica reinforced 
natural rubber and the tread cap (2) is composed of a 
blend of elastomers containing at least one medium to 
l 



high vinyl polybutadien elastomer which is reinforced 
with carbon black and silica. 

The invention particularly relates to truck tires. 
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Description 

Field 

5 This invention relates to a tire having a rubber tread of a cap/base construction wherein the tread base is composed 
of carbon black and silica reinforced natural rubber and the tread cap is composed of a blend of elastomers which is 
reinforced with a combination of carbon black and silica. 
The invention particularly relates to truck tires. 

w Background 

Pneumatic rubber tires are conventionally prepared with a rubber tread which can be a blend of various rubbers 
which is typically reinforced with carbon black. 

In one aspect, tires such as, for example, truck tires and heavy duty light truck tires, which are normally expected 
is to be capable of supporting and carrying relatively large vehicular loads, tend to generate a greater internal temperature 
than comparable passenger vehicle-type tires. 

The truck tire treads are typically of a cap/base construction, with the tread cap designed to be ground-contacting 
and, thus, contain a lug/groove configuration, and with the tread base underlying and supporting the tread cap and posi- 
tioned between the tread cap and the tire carcass. The tread base is not intended to normally be ground-contacting and, 
20 thus, not normally intended to have the same measure of tread properties as, for example, the tread cap properties of 
traction and treadwear. 

For such relatively heavy duty tires, heat buildup, evidenced by tire running temperature buildup, or increase is nor- 
mally unwanted, although a substantial portion of the heat buildup, or temperature increase, is relatively unavoidable 
during a running of the tire under load. 
25 However, it remains to be desirable to provide a rubber tire tread for use with tires on various heavy service vehi- 
cles, including light to medium trucks, which generate less heat under typical operational conditions since higher tire 
running conditions tend to prematurely age the tire rubber and associated tire construction and, thus; tend to shorten 
the effective life of the tire. 

In another aspect, it is desired to provide such a tire which can generate less heat under operational conditions, yet 
30 have acceptable treadwear and traction (skid resistance). 

It is envisioned that such tread would be of a cap/base construction. Tires having treads of cap/base construction, 
in general, are well known to those skilled in such tire tread art. For example, see US-A- 3 157 218 as being illustrative 
of such tread construction. 

In the practice of this invention, it is envisioned that a cap/base constructed tread is provided in which the tread 
35 base is of a natural rubber composition reinforced with carbon black or a combination of carbon black and silica. It is 
further envisioned that the tread cap be reinforced with carbon black for which at least a portion of the carbon black rein- 
forcement is replaced with precipitated silica accompanied with a silica coupler. 

The purpose of the replacing a portion of the reinforcing carbon black filler with silica is to provide a tread cap which 
can run cooler, lower the tire rolling resistance, and also enhance tread traction capabilities, as compared to a compa- 
re rabte tread cap with an equivalent amount of carbon black reinforcing filler and without the silica. It is contemplated that 
a silica reinforced rubber tread would experience less temperature buildup than a comparable carbon black reinforced 
rubber tread under similar working conditions, namely, as a tire on a vehicle being run under loaded, operational con- 
ditions. 

However, for many tire tread applications, it is contemplated that a replacement of a quantitative amount of carbon 
45 black by silica in a tire tread may compromise the treadwear aspect of the tire. 

In one aspect for tire treads, various rubbers, or elastomers, are evaluated, selected and blended for a purpose of 
achieving desired tire tread properties and particularly a balance of tire tread characteristic properties, mainly, rolling 
resistance, traction and wear. 

For various applications utilizing rubber, including applications such as tires and particularly tire treads, sulfur cured 
so rubber is utilized which contains substantial amounts of reinforcing filler(s). Carbon black is commonly used for such 
purpose and normally provides or enhances good physical properties for the sulfur cured rubber. Particulate silica might 
also sometimes be used for such purpose, particularly if the silica is used in conjunction with a coupling agent. In some 
cases, a combination of silica and carbon black has been utilized for reinforcing fillers for various rubber products, 
including treads for tires. 

55 It is important to appreciate that conventionally, carbon black is considered to be a more effective reinforcing filler 
for rubber tire treads than silica if the silica is used without a coupling agent. 

Indeed, at least as compared to carbon black, there tends to be a lack of, or at least an insufficient degree of, phys- 
ical and/or chemical bonding between the silica particles and the rubber elastomers to enable the silica to become an 
effective, or efficient, reinforcing filler for the rubber for most purposes, including tire tr ads, if the silica is used without 
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per 100 parts by weight a <iUm. or . , tlalmU . ^.re ^ unlets otherwise pre- 

stood that such Tg determination is well known to those having stall .n such art. 
o r mmy Y ^nH Practice of the Invention 

In accordance with this Invention, a pneunatic tire having a TRA maxjrruhi ^^^^l^^^'^^j^^gg^^ 

25 inches) is provided having a rubber tread of cap/base construct™ wherem 
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elastomer, solution polymery prepared styrene^utadiene copolymer elastomer and slyrene.sopren^ene 

"""i.* ^ " ]£™ ™™™n rated load srtr chaiaaaiaic or to «» is wanted » diftaentiatt a mi* ft. typi- 

manufacturing. It. s referred to herein as TRA -J"^™' 8 *" a ~°™ allied parts tor the guidance of manufacturers 
rr*nt and promulgation crtMe^ 

of such products The TRA publ-shesan ^J^^^^^S^L at various inflation 
example, characterizations above, have maximum 

"Tfur^rcc^edhe^^^^^ 

cooler running tires than passenger fcres which are expected ' «"JJ» J ^/base construe- 

of the invention because the relatively high v,nyl ~? e f ° f of 
wh?re the silica reinforcement is utilized in combination wrth the aforesaid s,l.ca coupler. 
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6rti l' contribution of the poiyisoprene naturai rubber for the tread base is intended to promote less heat buildup and, 
thus, a cooler running tire ,„ nr of ^ ieasX one additional diene based elastomer in the tire 

3 ™S * BR libber b.end for grounding portons of treads such as, for example, tread cap rubber com- 
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men? pS»Sed silicas are prepared, tor exam*, by controlled acidH fcaton of a solubte sihcate. e.g. . 

^TheSous pigment (silica) may. for exanple. have an ultimate particle size in a range of 50 to 10.000 angstroms 
or JiLv SeeS 50 and ^400 angsJoms. The BET surface area of the pigment, as measured us.ng nrtrogen gas. ts 
P t ^ ^^rlsoto ^perhaps even up to about 360. although more usually 100 to 200. square meters 

Um9 £eKSa?so ( 3^ 

200 Xica might have an average ultimate particle sfce. for example, in a range of 0.01 to 0.05 micron as deter- 
rwnarihvtha electron microscope, although the sifira particles may be even smaller in size. , . 

^l ^ZT^e silicas may be considered for use in this invention such as. for example, only and 
•iJ^IZ sS cSerctolly available from PPG Industries under the Hi-Sil trademark wrth designates Hl- 

J ll 1 !ZZ 7~*1 116SMP silicas available from Degussa AG with designations such as. for example. VN2. 
rnerc^SP^ 

£Sv dTsSJed as using^ 00 mg sample; removing volatiles during 2 hours at 105'C and ambierrt atmospheric 
J^S IS ^barc i (200 pressure measuring range. Such evaluation may be performed according to 
"S^SSSS^^^^ £• 0«9 or according to D.N 66133. For su* an evai- 

^^SSSSL Sm for use in this invention, a range of 150 to 220 m*/g. It is recognized that such range 
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EXAMPLE I 

Rubber compositions (compounded rubber) were prepared of various blends of cis 1 ,4-polyisoprene natural rubber 
and relatively high vinyl polybutadiene elastomer and referred to herein as Samples A, B and C. 
s A control rubber composition composed of cis 1 ,4-polyisoprene natural rubb r and cis 1 ,4-polybutadi ne elastomer 
was prepared and identified herein as Sample X. 

A tread base rubber composition was prepared composed of cis 1 ,4-polyisoprene natural rubber was prepared and 
identified herein as Sample Y. 

The rubber compositions were prepared by mixing the ingredients in several sequential non-productive mixing 
10 stages (without the curatives) and a final productive mixing stage (basically for the curatives), then the resulting com- 
position was cured under conditions of elevated temperature and pressure, namely, for about 30 minutes at about 
150°C. 

The cured rubber compositions were then tested with various laboratory testing equipment to obtain physical prop- 
erties of the rubber compositions which were then used to predict properties of a truck tire with a tread of a cap/base 
is construction. 

The rubber compositions were comprised of the ingredients illustrated in Table 1 . The values, for the most part, are 
simply rounded to the nearest whole number. 
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Table 1 


Sample # 


X 


A 


B 


C 


Y 


Non-Product ive Mix Stages 


Natural ruouer 




sn 


70 


70 


100 

-l v \j 


Vinyl 

polybutadiene 
rubber 2 


u 








o 


Cis 1,4- 

polybutadiene 

rubber 3 


50 


0 


0 


0 


0 


Carbon Black 4 


60 


20 


15 


25 


28 


Processing oil, 
aromatic 


8 


8 


8 


8 


0 


Fatty Acid 


2.5 


2.5 


2.5 


2.5 


1 


Silica 5 


0 


50 


60 


40 


. 17 


Plasticizers, 
resins and waxes 


3 


3 


3 


3 


2 


Coupling Agent 6 


0 


8 


9.6 


6.4 


3 


Productive Mix Stage 


Zinc Oxide 


3 


3 


3 


3 


9 


Antioxidants 1 


3.5 


3.5 


3.5 


3.5 


6 


Sulfur 


1.2 


1.2 


1.2 


1.2 


4 


Sulfenamide and 
Aniline Type 
Accelerators 


2.5 


2.5 


2.5 


2.5 


1.2 



1) cis 1, 4-polyisoprene rubber; 

2) polybutadiene elastomer having a vinyl 1,2- 
content of about 65 percent obtained from 
The Goodyear Tire & Rubber Company; 

3) cis 1, 4-polybutadiene elastomer having a cis 
content of about 96 percent and a Tg of 
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about -104 °C obtained as BUD1207 from The 
Goodyear Tire & Rubber Company; 

4) added carbon black, other than carbon black 
contained in the silica coupler composition/ as 
N121 obtainable from the Columbian Chemicals 
Company; 

5) a silica obtained as Zeopol 8745 from the 
J.M. Huber Company; said silica is 
considered herein to be characterized by a 
combination of (i)" BET surface area within 
the range 160 to 200, (ii) an average V(Hg) 
value within a range of 1.7 to 1.95, (iii) 
an average PSD max in a range of 10 to 45 
and (iv) an average V2/V1 ratio in a range 
of 30 to 65. 

6) obtained as bis-3- (triethoxysilylpropyl) 
tetrasulfide (50% active) commercially 
available as X50S from Degussa as a 50/50 
blend of the tetrasulfide with N330 carbon 
black (thus, considered 50% active); 
technically, the tetrasulfide is believed to 
be an organosilane polysulfide as a 
composite, or mixture, having an average 
number of sulfur atoms in a polysulfide 
bridge in a range of 3.5 to 4 connecting 
sulfur atoms, although the composite, or 
mixture may contain individual organosilane 
polysulfides with 2 to 8 connecting sulfur 
atoms; and 

7) of the diarylparaphenylene diamine and 
dihydro-trimethylquinoline type. 

Various properties of the cured samples were determined by conventional means and reported in the following 
Table 2. 
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Table 2 



Sample # 


X 


A 


B 


C 


Y 


300% Modulus (Mpa) 


11.09 


15.24 


17.3 


15.72 


11.15 


Tensile Strength (MPa) 


18.45 


15.35 


17.33 


17.10 


17.94 


Elongation (%) 


480 


325 


313 


311 


468 


Hardness 


66 


68.1 


73.1 


70.6 


57.3 


Rebound (100 °C) 


57.1 


64.4 


63.4 


67.7 


76.0 


Flexometer Temperature (°C) 


29.1 


21.1 


20.8 


16.7 


8.3 


Percent Set 


2.44 


1.45 


1.8 


1.25 


0.59 


E*at0°C (MPa) 


32.9 


31.5 


42.5 


24.7 


26.7 


E'at60°C (MPa) 


197 


20.0 


26.5 


17.5 


11.7 


Tan. Delta at 0°C 


.087 


.112 


.098 


.104 


.121 


Tan. Delta at 60°C 


.091 


.073 


.062 


.057 


.056 



For the tensile elongation and 300% modulus values tests, refer to ASTM Test D4 12-92, method B. 
25 For the rebound tests, refer to DIN 53512. 

For the hardness, Shore A as in ASTM 2240-91 may be referred to as determined at room temperature, or about 
23°C. 

For the flexometer test refer to ASTM Test D623. The flexometer test is considered herein to be significant because 
it specifically measures the temperature rise in the rubber test sample and the dimensional changes of the sample over 
30 time. The flexometer test is well known to those skilled in rubber composition evaluations particularly for use in tires. 

For the E' values, which are sometimes referred to as the tensile storage modulus, reference may be made to Set: 
ence and Technology of Rubber, second edition. 1994, Academic Press, San Diego, CA, edited by James E. Mark et 
al, pages 249-254. The use of the storage modulus, E\ to characterize rubber compositions is welt known to those hav- 
ing skill in such art. 

35 The tangent delta, or tan. delta, is a ratio of the tensile loss modulus, also known as E", to the tensile Storage mod- 
ulus (E). These properties, namely the E', E" and tan. delta, characterize the viscoelastic response of a rubber test 
sample to a tensile deformation at a fixed frequency and temperature, most often measured at 0°C and 60°C. 

The tan. delta and tensile Storage modulus (E7 are well known to those skilled in the rubber composition charac- 
terization art, particularly as relates to tires and tire treads. The tensile storage modulus (E') values are indicative of rub- 

40 ber compound stiffness which can relate to treadwear rates and evenness of treadwear. The tan. delta value at 60 or 
0°C is considered as being indicative of hysteresis, or heat loss. Additionally, the tan. delta value at 0°C has been empir- 
ically correlated to tire tread skid properties and is well known in the art as a predictor of tire tread traction, or skid, prop- 
erties. 

In particular, the lower flexometer temperature rise values shown for Samples A, B, and C versus the higher flex- 
45 ometer temperature value shown for Control Sample X illustrate that the tire tread cap compositions made of either of 
the rubber compositions represented by Samples A. B or C would build up less heat under tire operating conditions than 
a tread cap of a rubber composition represented by Control Sample X and, thus, provide a cooler running tire tread, 
particularly when coupled, or combined, with the tread base Y to form a tire tread, which in comparison to Control Sam- 
ple X, builds up very little heat in the flexometer testing. 
so Indeed, it is considered herein to be significant that the tire tread cap composition candidates, represented by Sam- 
ples A, B and C are composed of natural rubber and a relatively high vinyl polybutadiene elastomer which is reinforced 
with a combination of carbon black and silica together with a silica coupler. 

Accordingly, it is considered herein that rubber composition properties of the tire tread cap rubber compositions A, 
B and C taken together with tire base composition Y, particularly when compared with comparative control tire cap com- 
55 position X, are predictive that a cap/base tread construction of this invention will provide a tire with enhanced (i) traction 
as evidenced by the tan. delta values at 0°C and rolling resistance as evidenced by rebound values at 100°C and tan. 
delta values at 60°C, (ii) tread with a cooler internal running temperature as evidenced by the flexometer temperature 
values; and (iii) acceptable treadwear as evidenced by a combination of 300 percent modulus, tensile strength and stor- 
age modulus (E 1 ) at 0°C and at 60°C. 
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Indeed it is considered herein that the cooperative combination of the outer tread cap and underlying tread base 
provides the following benefit: promotion of a cooler internal running temperature for the overall tread under operating 
conditions, namely running under load, which is predictively evidenced by the flexometer temperature values. This is 
considered as being beneficial to truck tire users by promoting a longer lasting, due to the c oler running tread concept, 

5 and acceptable treadwear tire with potential fuel economy. 

In practice, in the manufacture of tires, their individual rim size is conventionally incorporated into tire size terminol- 
ogy by being molded into the sidewall of the tire. Such terminology may read, for example, as 1 1 R24.5, 295/75R22.5, 
285/75R24.5, or 11R22.5. For example, an inscription of 11R24.5 would mean a radial ply tire having a width of 11 
inches, and a rim diameter of 24.5 inches. 

10 While certain representative embodiments and details have been shown for the purpose of illustrating the inven- 
tion, it will be apparent to those skilled in this art that various changes and modifications may be made therein without 
departing from the scope of the claims. 

Claims 

15 

1 . A pneumatic tire having a TRA rated load limit of at least about 1 220 kg at an inflation pressure in a range of 723 
to 792 kPa and having a bead diameter of at least about 48 cm is provided having a rubber tread of cap/base con- 
struction characterized in that 

20 (A) said tread cap is comprised of, based on 100 parts by weight rubber, (1) an elastomer composition com- 

prised of (a) 20 to 70 phr of at (east one medium to high vinyl polybutadiene elastomer having a vinyl 1 ,2-con- 
tent in a range of 35 to 80 percent and (b) 30 to 80 phr cis 1 ,4-polyisoprene natural rubber, (2) 40 to 85 phr of 
reinforcing filler comprised of (a) 5 to 70 weight percent carbon black and, correspondingly, (b) 95 to 30 percent 
precipitated silica and (c) at least one silica coupler having a silane moiety reactive with the surface of the silica 

25 and a moiety interactive with said elastomers; and 

(B) said tread base is comprised of t based on 100 parts by weight rubber, (1) 100 parts by weight cis 1,4- 
polyisoprene natural rubber, (2) 35 to 55 phr of reinforcing filler comprised of (a) 40 to 85 weight percent carbon 
black and, correspondingly, 60 to 15 weight percent precipitated silica. 

30 2. The tire of claim 1 characterized in that the said silica has a BET surface area in a range of 1 00 to 360 and a DBP 
absorption value in a range of 200 to 400. 

3. The tire of claim 1 characterized in that for said tread cap, the weight ratio of carbon black to silica is in a range of 
2/1 to 1/4. 

35 

4. The tire of claim 1 characterized by having a TRA rated load limit in a range of 1220 kg to 5000 kg, at an inflation 
pressure in a range of 723 to 792 kPa and a bead diameter in a range of 48 to 64 cm. 

5. The pneumatic tire of claim 1 having a TRA rated load limit of at least about 2730 kg. at an inflation pressure in a 
40 range of 723 to 792 kPa f a bead diameter of at least about 56 cm and a rubber tread of an integral cap/base con- 
struction characterized in that 

(A) said tread cap is comprised of, based on 100 parts by weight rubber, (1) an elastomer composition com- 
prised of (a) 30 to 60, phr of medium to high vinyl polybutadiene elastomer having a vinyl 1 ,2-content in a range 
45 of 40 to 70, percent and (b) 40 to 70, phr cis 1 ,4-polyisoprene natural rubber, (2) 50 to 80 phr of reinforcing filler 

comprised of (a) 5 to 40, weight percent carbon black and, correspondingly, (b) 95 to 60, percent precipitated 
silica and (c) at least one silica coupler having a silane moiety reactive with the surface of the silica and a moi- 
ety interactive with said elastomers; and 

(BJ said tread base is comprised of, based on 100 parts by weight rubber, (1) 100 parts by weight cis 1,4- 
so polyisoprene natural rubber, (2) 35 to 50 phr of reinforcing filler comprised of (a) 50 to 85 weight percent carbon 

black and, correspondingly, 50 to 15 weight percent precipitated silica. 

6. The tire of claim 1 characterized in that the said tread cap also contains 10 to 45 phr of at least one additional diene 
based elastomer selected from cis 1 ,4-polybutadiene elastomer, trans 1 ,4-polybutadiene elastomer, isoprene/buta- 

55 diene copolymer elastomer, emulsion polymerization prepared styrene/butadiene copolymer elastomer, solution 
polymerization prepared styrene/butadiene copolymer elastomer and styrene/isoprene/butadiene terpolymer elas- 
tomer; and wherein said silica is characterized by a combination of (0 BET surface area of 160 to 200, (ii) an aver- 
age V(Hg) value in a range of 1.7 to 1.95, (iii) an average PSD max in a range of 10 to 45 and (iv) an average V2/V1 
ratio in a range of 30 to 65. 
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7. The tire of claim t characterized in that said tread base also contains 10 to 30 phr of at least one additional diene 
based elastomer selected from cis 1,4-polybutadiene elastomer, trans 1,4-polybutadiene elastomer, and iso- 
prene/butadiene copolymer elastomer. 

5 8. The tire f claim 5 characterized in that the said tread base also contains 10 to 30 phr of at feast one additional 
diene based elastomer selected from cis 1 ,4-pofybutadiene elastomer, trans 1,4-polybutadiene elastomer, and iso- 
prene/butadiene copolymer elastomer and where said tread base also contains at least one silica coupler having a 
sitane moiety reactive with the surface of the silica and a moiety interactive with said elastomers; and wherein said 
silica is characterized by a combination of (i) BET surface area of 160 to 200, (ti) an average V(Hg) value in a range 

10 of 1 . 7 to 1 .95, (iii) an average PSD max in a range of 1 0 to 45 and (iv) an average V2/V1 ratio in a range of 30 to 65. 

9. The tire of claim 1 or 5 characterized in that the said tread base also contains at least one silica coupler having a 
silane moiety reactive with the surface of the silica and a moiety interactive with said elastomers. 

is 10. The tire of claim 1 or 9 characterized in that the said coupler is a bis-3-(trialkoxysilylaikyl) polysulfrde having a 
polysulfide bridge containing from 2 to 8 connecting sulfur atoms. 

1 1 . The tire of claim 5 characterized in that, for said tread cap, said silica is characterized by a combination of (i) BET 
surface area of 160 to 200, (ii) an average V(Hg) value in a range of 1 .7 to 1.95, (iii) an average PSD max in a range 

20 of 1 0 to 45 and (iv) an average V2/V1 ratio in a range of 30 to 65. 

1 2. The tire of claim 5 characterized in that the said tread cap also contains 10 to 45 phr of at least one additional diene 
based elastomer selected from cis 1 ,4-poiybutadiene elastomer, trans 1 ,4-polybutadiene elastomer, isoprena/buta- 
diene copolymer elastomer, and emulsion polymerization prepared styrenefoutadiene copolymer elastomer; 

25 wherein said silica for said cap is characterized by a combination of (i) BET surface area of 1 60 to 200, (ii) an aver- 
age V(Hg) value in a range of 1 .7 to 1 ,95, (iii) an average PSD max in a range of 1 0 to 45 and (iv) an average V2/V1 
ratio in a range of 30 to 65; wherein said coupler for said silica in said tread cap is a bis-3-(trialkoxysilylalkyl) 
polysulfide having a polysulfide bridge containing from 2 to 8 connecting sulfur atoms; and wherein said tread base 
also contains 10 to 30 phr of at least one additional diene based elastomer selected from cis 1,4-polybutadiene 

30 elastomer, trans 1 ,4-polybutadiene elastomer, and isoprene/butadiene copolymer elastomer. 
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